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CHEMICAL DIVERSITY OF MALAYSIAN FLORA: POTENTIAL
SOURCE OF RICH THERAPEUTIC CHEMICALS
ABSTRACT
Althoughpeopleallovertheworldhasbeenusingvariouskindofplantspeciesasmedicine
forthetreatmentofdiseasesincemillennia,theisolationandidentificationof theactive
principalswereonlyachievedin the19thcentury.Thiscanbeconsideredthebeginningof
remarkableachievementsin thediscoveryoftherapeuticagentsfromplants.Someofthese
earlydiscoveriesaretheisolationofmorphinefromPapaversomniferum,aneastheticcocaine
fromErythroxylumcoca,antimalarialquininefromCinchonaofficinalisetc.Numerousother
therapeuticmoleculeshavebeendiscoveredsinceand thegeneralhealthof theworld
populationimproveddramatically,thesearchfornewdrugsfromplants,microorganisms
and marinesourcecontinueduntil today.With theavailabilityof moderntechniques,
instrumentationsand advancementin scientificknowledgehaveled to fasterphaseof
discoveryof therapeuticchemicalswith wide rangedof structuraltypes.It hasbeen
estimatedthat lessthan 1%of plant specieshasbeenexaminedin detailedfor their
therapeuticpotentialandcurrentlyabout120pharmaceuticalproductsinusedarederived
fromplantsand75%ofthesewerediscoveredfromplantsusedin traditionalmedicine.In
thispresentationwewill lookintothediversityofchemicalsisolatedandfullycharacterized
fromourownrichMalaysiantropicalflora.Amongstthevarioustypeofnaturalproducts
identifiedarethemanyclassesof alkaloidsilignans,terpenoids,sulphur-containing
compounds,flavonoids,xanthones,glycosides,chalconesetc.Particularattentionwasmade
oncertaingenusofplantsfromtheRutaceaefamily(lemonfamily)duetothepresenceof
interestingchemicalstructuresandexhibitinggoodbiologicalactivity.Fromthevarious
typesof compoundsidentified,certainclassesof alkaloids,coumarinsand sulphur-
containingcompoundshaveshownexcellentantimicrobialandanticanceractivityagainst
variouscancercell lines.With theavailabilityof high-throughputscreeningtestsfor
bioassay-guidedfractionationandcombinatorialsynthesistootnaturalproductfromplant
sourceparticularlyfromtropicalplants,will continuetosupplybanksof compoundsfor
futuredrugdevelopments
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INTRODUCTION
It hasbeenrecognizedamongstnaturalproductchemistsandphytochemiststhatplant
speciescontainvast array of secondarymetabolites.One of the most compelling
explanationsfor thechemicaldiversitywithinthebiologicalsystemin thetropicalplants
is thescienceof chemicalecology.Plantsliving in tropicalenvironmenthavetodevelop
andsurviveundercontinuousandintensecompetitionfornutrientsandresources.At the
sametime,theplantsalsohavetodevelopanarrayof chemicaldefensestoprotectthem
fromviral diseases,fungalpathogens,insectsandotherpredators.Thus,tropicalplants
areperhapsthemostvaluablesourceof new bioactivechemicalentitiesdue to their
biodiversitycoupledwiththechemicaldiversityfoundwithineachspecies.A largenumber
of specieshasbeensuperficiallyexaminedfor their pharmacologicaland medicinal
application,but it is estimatedthelessthan1%hasbeenthoroughlyexaminedfor their
potentialuseasnoveltherapeuticagents.Over120pharmaceuticalproductscurrentlyin
useareplantderivedand75%of thesewerediscoveredby fromplantsusein traditional
medicine[1].Table1illustratesomeofthepricelessandimportantherapeutichemicals,
mostlyalkaloids,isolatedandstructurallyidentified.
In mostpartof theworldpeoplehasbeenusingvariouskindofplantspeciesasmedicine
for millennia. In factChineseand Indian greatcivilizationshaveprovided written
documentsin utilizingplantspeciesforthetreatmentofvariousailmentsbytheirpeople.
Theisolationandidentificationof theactiveprincipalsfromthesemedicinalplantswere
onlyachievedin th~19thcenturyandthiswasthebeginningofremarkableachievementin
thediscoveryof therapeuticagentsfromplantsource.Someoftheremarkablediscoveries
aretheisolationofmorphineby FrenchpharmacistsPeletierandCaventouin 1812from
Papaversomniferumfor the relieveof unbearablepains;the aneasthetic ocainefrom
Erythroxylum coca in 1860;the antimalarial quinine from Cinchona officinalis; the
parasympatholyticatropinefromAtropa belladonna;and morerecentlytheanticancer
vinblastineand vincristinefrom Catharanthusroseus.Other examplesof therapeutic
moleculesareephedrine,colchinineandreserpine.Althoughnumeroususefultherapeutic
moleculeshavesincebeendiscoveredand thegeneralhealthof theworld population
improveddrastically,thereis still a seriousneedof drugsfor thetreatmentof cancer,
infectionsandnewdiseases.
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PLANT DERIVED DRUGS AND THEIR POTENTIAL
In viewofdiscoveringnewdrugs,intensivesurveyofplants,microorganismsandmarine
animalsfor antitumouractivitybeganin thelatefiftiesandoverthelast40yearsavast
numberof plantextractsweretestedfor antitumouractivity.About fourpercentof this
extracthaveshownreproducibleactivityandtheantitumour-inhibitoryprinciplesisolated
inthescreeningtestswereusuallynewnaturalproducts panningawiderangeofstructural
types[2,3].However,therapeuticagentsforthe~reatmentofvariousdiseasesaresynonym
with heavysideeffectsandunacceptablemortalityratessuchas in thecaseof cancer
treatment.Forexample,fungalinfectionsandAIDS weretreatedwith a fewcostlydrugs
suchasamphotericinwhichinducedheavysideeffects.Thus,it appearsthatresearchon
naturalproductsfor theirtherapeuticpotentialsremainsof fundamentalimportance.
Recentlythemostpromisingplant-derivedanticanceragentsfoundduringthesescreening
testsweretaxoland9-hydroxyellipticine.Taxolis a diterpeneisolatedfromPacificYew
tree,Taxusbrefivolia,whichhasdemonstratedencouragingresponsesin clinicaltrialsin
ovarianandbreastcancerandis now thefirstdrugof choicein severaltumorouscancer
[4]. Quatemizationof 9-hydroxyellipticineisolatedfrom Ochrosiaellipticalead to the
formationof9-hydroxyellipticineacetate,acompoundofgreatpotentialin thetreatment
of someformsbreastcancer[5].Bothvincristineandvinblastine,discoveredin the1950s
fromperiwinkleCatharanthusroseus,werealsodrugsofchoicein manyformsofleukemia
andithasincreasedthesurvivalrateofchildhoodleukemiasby80%.Manyothercytotoxic
principleswerealso identifiedrecentlysuchas podophyllotoxinand etoposidefrom
Podophyllumpeltatum,betulinicacid fromBetulaalba,ephedrinefrom Ephedrasinica,
strychninefromStrychnosnux-vomica,elephantopinefromElephantapuselatusandarange
of steroidalcucurbitacinsfromCucurbitaceaefamily[6].
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Many otherplant-deriveddrugshavealsoreceivedapprovalfor productionfor the
treatmentof variouskindsof cancers.Topocetan,an analog(asynthesizedform)of an
alkaloiddiscoveredin Camptothecacuminata,hasbeenusedeitheraloneorincombination
withotheranticancerdrugsforthetreatmentofovarianandsmallcelllungcancers.Another
analogdiscoveredfromthesameplant,irinocetan,hasalsobeenusedin thetreatmentof
metastaticolorectalcancer.Somecytotoxicprinciplesasshowninvitroassaysweredrop
frombeingfurtherinvestigateduetoheavysideeffectsin clinicaltrials.Emetineisolated
fromCephaelisipecacuanhandnitidinefromZanthoxylumnitidum exhibitedexceptional
antileukaemicactivitiesbutweredroppeddueerratictoxicity[7].Similarly,camptothecine,
apyrroloisoquinolinealkaloidisolatedfromCamptothecaacuminatashowedbroad-spectrum
ofactivityandperformeda fairresponsein limitedclinicaltrials,butduetohightoxicity
andpoorsolubility,theinvestigationwasdiscontinued[8].
Virus diseasesremainanareaof medicinefor whichspecifictreatmentsarelackingand
addedimpetuswasgivenin thesearchofantiviraldrugsbyrecognizingthattheretrovirus
termedhumanimJD.unodefiencyvirus(HIV)wasthecausativeagentofAIDS.Considerable
financialinvestmentswereinitiatedbypharmaceuticalcompaniesandvariousgovernment
agenciesin developedcountriesfor largescalescreeningprogramof naturalproducts
fromplantsourceandsyntheticcompounds.Sincethensomepositiveresultshavebeen
obtainedonnaturalproductswithanti-HIVproperty.Onesuchanimportantdiscoveryis
theisolationandcharacterizationofcalanolideA, adipyranocoumarins,fromCalophyllum
lenigerumvar.austrocoriaceumandcalanolideBfromCalophyllumteysmaniivar.inophylloides,
treesfound in Sarawak.Bothcompoundsarerepresentativesof distinctclassof non-
nucleosideHIV-1 specificreversetranscriptaseinhibitorunderdevelopmentasanAIDS
chemotherapeuticagent(Kashmanetal.,1992andBoydetal.,1997)[9,10].CalanolideA
is currentlyis earlyclinicaltrialsin theUnitedStates.
Thedevelopmentof roboticsfor high-throughputrandomscreeningin theearly1990's
withtheabilitytohandlelargenumberofsamplewiththeaimofobtainingnewbioactive
compounds,hasrekindledinterestin examiningtropicalplantspecies.Thishastriggered
otheractivitiesinnaturalproductchemistry,pharmacognosyandethnomedicalresearch.
Thesearchfor newnaturalproductsis widelyrecognizedasaninterdisciplinaryprocess
with theinvolvementofmanystepssuchasthefollowing.Ideallyall thestepsshouldbe
carriedout in orderto establishthetruepotentialof particularcompoundsor plants.
However,duetolimitedresourcesandconstraintsomeof thesestepswereskipped.
IERPUST AKAAN SULTAN ABDUL SAMAO
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1. collection,scientificidentificationandpreservationof thebiologicalsamples
2. preparationofappropriateextractsandpreliminarychromatographicanalysis
3. biologicalandpharmacologicalscreeningof crudeextracts
4. consecutivestepsofchromatographicseparation,withbioassaysforeachfractions
5. verificationof thepurityof theisolatedcompounds
6. structuralelucidationby spectroscopic/chemicalmethod
7. partialor totalsynthesis
8. preparationof derivatives/analoguesandstructure-activityrelationship
9. large-scaleisolationfor furtherpharmacologicalandtoxicologicaltests
Table 1. Plant-basedtherapeutichemicals
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No. Drug/ Chemical Action/ClinicalusePlantsource
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THE DIVERSITY OF NATURALLY
COMPOUNDS FROM TROPICAL PLANTS
OCCURRING
One of themostimportantstartingpointsin carryingout naturalproductwork is the
systematicphytochemicalsurveyof ourrichtropicalplantsfor thepresenceofalkaloids,
terpenesandsaponinstogetherwiththeirbiologicalactivities.A numberof thesesurveys
wereconductednotonly in thePeninsulaMalaysia,but alsoin SabahandSarawak.In
oneoftheseworks,.216plantspeciesrepresenting150generaand50familieswerecollected
andscreenedfor thethreeclassesofcompounds.28species(13%)gavespositivetestfor
alkaloids,86species(40%)forsaponinsand55species(25%)fortriterpenes/steroids[11].
Two of the alkaloid containingplants were collectedin bulk for further detailed
phytochemicalworksin thelaboratory,theUncariacordataandUncariaborneensis,bothare
mediumsizecreeperswithcurvehookforclimbingoftheRubiaceaefamily.GenusUncaria
is oneof thespeciesthathasreceivedmuchattentionamongstresearchersincea large
numberof the speciesarereportedto be of medicinalvalues,including thewidely
investigatedUncariagambir,FromUncariacordata,twomajorindolealkaloidscorynoxeine
andcorynoxineBandanumberofminorconstituentswereisolatedandidentified.From
therelatedspecies,Uncariaborneensis,threeindolesisomerswereisolatedandidentified
asuncarineE,unicarineD anduncarineC [12].
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Eachof thesestereoisomerscouldbeconvertedto theotherby refluxingthemin either
aqueousaceticacidor pyridinesolutionto givemixturesof thethreeisomerswith the
appearanceof anewfourthisomeridentifiedasuncarineF (6)asgivenin Table2. The
readyformationof theequilibriummixturefromeachofthestereoisomersi mostlikelya
resultof epimerisationatbothC-3andC-7centresandaplausiblereactionmechanismis
asgivenbelow:
Table 2. Equilibriumreactionresultsof theisomers
Refluxwith aqueousaceticacid(4hours)
Compounds
Products(%)
IsomerC
IsomerDIsomerEIso erF
I
IsomerC 4540105
IsomerDE
Refluxwith pyridinesolution
IsomerC
7052004
Iso erE
5585
Another alkaloid rich containingplant investigatedwas H. nymphaefaliawith the
identificationof threeaporphinehernandonine,hernangerineand isocorydine;one
benzylisoquinolinereticulineandonebenzylisoquinoline-aporphinedimmer,thalicarpine
[13].This medicinalplant is widely usedespeciallyin Fiji Islandsfor thetreatmentof
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urinaryinfection,menstrualpainandearlyrecoveryaftergivingbirth.Theplantis also
rich in lignans,thedimersof phenylpropanoidsasexemplifiedby compoundssuchas
eugenol,coniferylalcohol,coniferaldehydeandferulicacid.Theselignansarederived
throughthe~,~-couplingof thesidechainsof two penylpropanoidunitsfollowedby
structuralmodifications.Thethreelignansisolatedandidentifiedaretheepiaschantinas
themajorcomponent,epimagnolinand butyrolactonelignan.The stereochemicalnd
absoluteconfigurationof theepiaschantinwasresolvedbypreparingabromoderivative
andsinglecrystalX-rayanalysis[14,15].Theneutralfractionof anotherrelatedspecies,
Hernandia peltata, also gave the samethreelignans but with different percentage
composition.
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Somelignansarewell knowntohavestrongbiologicalactivitysuchaspodophyllotoxin
which is currentlybeing usedascommercialdrug for anticancertreatmentoriginally
isolatedfromtheresinofPodophyllumspecies[6].Otherlignan-cotainingplantsinvestigated
in ourlaboratoryaretheextractsofleavesofPhyllanthusniruri (dukunganak)andKadsura
scandenwith the identification of lignans niruntin, nirtetralin, kadsuscandinand
kadsuscandinin[16].Phyllanthusspeciescontainplantsof usefulmedicinalapplication
andseveralbiologicallyimportantconstituents,includinganticanceragents,havebeen
MawardiRahmani: ChemicalDiversityofMalaysianFlora: PotentialSourceofRich TherapeuticChemicals
isolatedfrommembersofthisgenus.Wehavealsoinvestigatedtheconstituentsofarelated
species,Phyllanthus watsonii, an endemicplant collectedfrom Endau Rompin Forest
Reserve.Fromthistwonewunsaturatednor-triterpenes,26-nor-D:A-friedoolean-14-en-
3-oneand26-nor-D:A-friedolean-14-en-3B-oltogetherwith lupenylpalmitate,friedelin,
epi-friedelanol,glochidone,glochidonol,lup-20(29)-en-lP,3B-diol,sitosterolandsitosterol-
B-(D)-glucosidewereisolated.Thestructuresof thenewcompoundswereestablishedby
detailedspectralanalyses,chemicalconversionof26-nor-D:A-friedoolean-14-en-3-oneto
26-nor-D:A-friedolean-14-en-3p-olby oxidationwith Cr03 in pyridineandsinglecrystal
X-rayanalysesofp-bromobenzoylderivativeof thelater[17,18].
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Whilecarryingphytochemicalsurveyworkin Ipohwecameacrossasmallcreepergiving
exceptionallystrongalkaloidtestresults.ThiscreeperwasidentifiedasStemonatuberosa,
locallycalledas'ubikemilihutan,whichbearslargequantityof longandslendertubers•
1000596818
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andusedintraditionalpreparationtocurebackachesandsoldatnightmarketandroadside
peddlers. Extractionof the tubersresultedin the isolationof alkaloidsstemofoline,
stemonineandprotostemonine[19,20].
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RUTACEOUS PLANTS AS SOURCE OF INTERESTING
COMPOUNDS
Oneoftheplantfamilieswehadinvestigatedin detailedforthelastcoupledofyearsis on
Rutaceae,lemonfamily,dueto its interestingand wide spectrumof structural-types.
Membersof thefamilyarewidely usedin traditionalmedicineandexhibitedexcellent
biologicalactivity.SomeofthegenuswehaveinvestigatedweretheGlycosmis,Micromelum,
Murraya,MelicopeandAcronychiaspecies.OneofourearlierworksontheRutaceaefamily
was on thevolatileandnon-volatilecomponentsof Euodiahortensis(Melicopehortensis).
CurrentlythisgenushasbeenrevisedandplacedunderMelicope.Themainfeaturesofthe
leafoilaretheoccurrenceofalargeamountofmenthofuran(64%)andsignificantquantities
ofevodone(17%),y-terpinene(6%),perillylacetate(6%)andlimonene(5%).Thepercentage
compositionofevodone(44%)in thefloweroil is substantiallylargerwithcorresponding
decreasein theamountofmenthofuran(7%).Othersubstantialcomponentsof theflower
oilarethea-copaene(8%),caryophyllene(5%)andar-curcumene(15%)[21].Menthofuran
is a commerciallyimportantcompoundin theperfumeryindustryand it is currently
obtainedfrom peppermint,Mentha piperitaandM. silvestries.The occurrenceof large
quantityof menthofuranin M. hortensissuggestthat this plant may be of potential
commercialimportanceas a sourceof this compound.Othernon-volatilecomponents
isolatedandidentifiedfromtheplantarethetriterperneshorten-3a-ol,hortensen-3p-ol
andhortan-3a-ol-13,18-dione.Thestructureassignmentswereconfirmedbyasinglecrystal
X-ray analysisandconversionof horten-3a-olto hortan-3a-ol-13,18-dioneby oxidative
cleavageof the doublebond [22].A possiblebiogenesisfor the formationof these
compoundshasalsobeenproposedasshownin Scheme1.
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From thesix Glycosmisspecieswe haveinvestigatedmanyclassesof compoundswere
identifiedincluding alkaloids,coumarins,flavones,sulphones,triterpenesetc.Some
extractsandpurecompoundsof Glycosmisspecieswerefoundtobestronglyactivewhen
testedagainstvariousbioassaysystems.Thecompoundsresponsibleforgivingthisactivity
weremonitoredbyTLC platesandsprayingtheplateswithsporesuspensionofindicator
funguspreparedfromAspergillusflavus. FromGlycosmiscalcicola,themajorcontributors
to thisactivitywereduetothepresenceof flingersineanddesmethoxyzanthophiline[23,
24].
Glycosmisspeciesisoneoftheveryfewplantspeciesknowntocontainsulphur-containing
compounds[25,26].Oneoftheinterestingsulphur-containingcompoundswehaveisolated
and identifiedis methylgerambullin,a sulphoneobtainedfrom the sameplant. The
compoundexhibitedonlymild antifungalactivitybutgaveexcellentresultswhentested
on aseriesof cancercelllines.TheICso valuesobtainedwere0.25,1.2,1.5and1.7flg/ml
againstCEM-SS,KU812F,HT29andUACC celllines,respectively.WhentestedonCEM-
SScell line, theconcentrationusedis comparableto standarddrug.Time-coursestudy
revealedthatthecompoundkilledcellsdirectlybycausingcellnecrosisbutdonotexhibit
cellproliferationoftheunaffectedcells.Completecelldisintegrationandseverecellrupture
wereobservedmicroscopicallyandthisphenomenombecamemoreextensivewithprolong
exposure[27].Other membersof the genus investigatedwere the G. chlorosperma,
G. mucronantha,G. latifolia,G. cochchichinensisand G. citrifoliawith theidentificationof
compoundssuchasdambullin,gerambullin,5(6)-glutene-3a-ol,N-methylacridan-3-one,
glycomaurin,des-N-methylacronycine,skimmianine,dihydroglychalcone-A,5-hydroxy-
4',7-dimethoxy-8-prenylflavanoneetc[24].TheCHCl3 extractsofbothG.chloriJspermand
G. cochchichinensisexhibitedstrongactivityagainstT-Iymphoblasticell line (CEM-SS)
with ICso valuesof 1.5and0.75flg/ml. Studyonthisis stillbeingpursuitbutwesuspect
thisactivityis dueto thepresenceofanothersulphur-containingcompounds,dambullin
andgerambullin,isolatedfromtheseplants.
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Only two speciesof Micromelum occurred in Malaysia, Micromelum minutum and
M. hirsutum.However,only Micromelumminutumhasbeencollectedin threeseparate
locationswith theisolationandidentificationof interestingcoumarinsandtriterpenes.A
sample collected in Pahang gave the typical coumarin, micromelin and a novel
dihydrocinnamicacidderivativewhichwasidentifiedas1,2-seco-dihydromicromelin.The
second sample collected from Kelantan, gave two new tetracyclic coumarins
microminutininand 6-methoxymicrominutininwhichpossessa fusedbifuranosystem
that appears to be derived by cyclization of a 7-oxygenated-8-(1,2-
dimethoxy)propylcoumarinprecursor.ThesecompoundsmaybesubstitutedatC-6 (asin
micromelin)or atC-8 (asin microminutinin)with prenylside-chainbasedon eitherthe
norma13,3-dimethylallylunit or theunusual1,2-dimethylpropylinit [28-30].A groupof
newclassofcoumarinswerealsoisolatedfromthethirdcollectionofMicromelumminutum
fromSabahand identifiedas3",4"-dihydrocapnolactone,2',3'-epoxyisocapnolactone,8-
hydroxyisocapnolactone-2',3'-diol,8-hydroxy-3",4"-dihydrocapnolactone-2',3'-dioland8,4"-
dihydroxy-3",4"-dihydrocapnolactone-2',3'-diol.Triterpenesuchas5(6)-gluten-3-oneand
5(6)-gluten-3a-olwerealsoisolatedfromthiscollection[31].Themajorcomponent2',3'-
epoxyisocapnolactoneand8-hydroxyisocapnolactone-2',3'-diolweresignificantlytoxic
toCEM-SSandHL60celllines.TheICsovaluesoftheformeragainsthesetwocancercell
lineswere3.9and4.2Ilg/ml,whilethoseof thelatterwere2.9and2.5llg/ml,respectively.
Furtherdetailbioassayworks on thesecompoundsarestill beingpursued.This study
confirmedtheoccurrenceofdistinctivechemicalvarietiesinMicromelumminutum.
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OthermedicinalplantsfromRutaceaefamilybeinginvestigatedin detailaretheMurraya
and Zanthoxylumspecieswith theisolationand identificationof alkaloids,flavonoids,
coumarins,glycosidesandterpenoidsdependingonthelocationofplantcollected.Some
of the compoundsidentifiedfromMurraya koengii(daunkari) andMurraya paniculata
(kemuning)were mahanimbine,girinimbine,murrayanine,mahanine,3,5,6,7,3',4',5'-
heptamethoxyflavone,3,5,6,7,8,3',4',5'-octamethoxyflavoneetc.Someof thesecompounds
weremildly activewhentestedagainstsixpathogenicfungiandbacteria[32-36].
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SEARCH FOR NEW INSECTICIDES FROM PLANTS
It wasbelievedatfirstthatDDT isuniversalinsecticideswhichcanprevent'anyattackby
insect.However,in early1960'sit wasdiscoveredthatDDT causesa lotofproblemsand
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headachesduetoitstoxicity,extremepersistentandbioaccumulationin theenvironment
[37].This has led to the searchof safer syntheticcompoundssuch as chlorinated
hydrocarbon(aldrin,dieldrinandchlordane).Thesesyntheticompounds,however,caused
moreorlesssimilarproblemstoDDTandtheirusedhavebeengreatlyreducedorrestricted.
CI
H
1.1.1·Trichloro.2,2-bis(p-chlorophenyl)ethane
DOT
~
Pyrethrin
Aldrin
OM •
Chlordane
~J'xrOHMVb•••ooc
Azaditachtin
Thus, to overcomethis and to find alternatives,a lot of works havebeendevotedto
phytochemicalsfromplantswhichledtothediscoveryofsuchcompoundsaspyrethrum
fromChrysanthemumcinneriafoliumflowers,rotenonefromDerris elliptica(pokoktuba),
azadirachtinfromAzadirachtaindica(neemtree),nicotine,quassiaandisobutylamides[38,
39].
One of theearliermethodswe usedto monitorthepresenceof presenceof bioactive
compoundswasby usingbrineshrimp(Artemiasalina)duetoitsreliability,reproducible,
inexpensiveandveryrapid [40].Oneof theplantswehavetestedby usingthisbioassay
techniquewasPiper nigrum (blackpepper)whichshowedverypositiveresultsandthis
wasduetothepresenceofunsaturatedisobutylamidesuchaspellitorine,pipercideand
dihydropipercideasreportedearlierby otherworkersandPiperaduncum[41].Totestthe
validityof thistechnique,thesamplewasalsotestedfor ovicidalandlarvicidalactivity
activitiesagainstmosquitolarvae(Aedesagytii)andfruit-fly(Drosophilamelanogaster)[42].
AnotherplantspeciesZanthoxylummyriacunthum(Rutaceae)alsogavegoodresultsusing
this techniqueand comparableresultswere obtainedby using third instar larvaeof
mosquito[43,44].
MawardiRahmani: ChemicalDiversityofMalaysianFlora: PotentialSourceofRich TherapeuticChemicals
Dihydropiperdde
Jatrqlholone A
~~-.A.
Pellitodne 0
Jattophatrione Sesarrin
o~ HI~ N-"
o
DilI.piole Pseudo-dillapile
-q;P
OH 0
2,6-Dihydroxy-4-metoxydihydrochalcone
In thelateeighties,whenwestartedlookingforbioactivecompoundsfromplantsources,
therewereonly a few readilyavailableand simpleassaysat thattimein thecampus
includingpiscicidaltestagainstfish,contactinsecticidalandlarvaedevelopmentinhibitor.
In thepiscicidalactivitytest,tworeadilyavailableandeasilyhandledfishspecies,Labistes
reticulatersand Tilapiamossambicawereusedasthetestorganisms[45,46].A numberof
plant specieshavebeeninvestigatedin detailedfor their chemicalcomponentsand
biologicalactivityusingthesefish speciesasthetestorganisms.Oneof theplantsthat
gaveverystrongpositiveresultwastheextremelybitterTinosporacrispa(bekawali),but
unfortunatelyno purechemicalcomponentswereableto be isolatedfrom theextract.
From anotherplant species,Jatrophagossypifolia(pokokjarak),which alsogavegood
bioassayresults,twopurediterpenoidsjatropholoneA andjatrophatrionewereisolated
andidentified[47].However,thetwo compoundswereisolatedin smallquantityand
insufficientofurthertestthemagainsthefishspecies.
CONSTITUENTS AND BIOLOGICAL ACTIVITY OF NON-
RUTACEOUS PLANTS
Oneof themoreinterestingplantswehadbeenworkingwith regardsto theirchemistry
andbioactivityis fromScorodocarpusborneensis(Olacaceae).This is abigtimbertreeand
locallytheplantis knownas'pokokkulim'or garlicplant,with characteristicaromaof
garlic[48].Boththeleafandseedextractsgaveverystrongantifungaltestsandbioassay-
directedfractionationoftheextractresultsin theisolationandidentificationoftwosulphur-
containing compounds, bis-(methylthiomethyl)disulphide and
methylthiomethyl(methylsulfonyl)-methyldisulphide,scopodin(anewsesquiterpene),8-
isopropyl-5-methyl-2-napthoicacid and three new tryptamine-typeof alkaloids
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(scorodocarpine A, scorodocarpine B, scorodocarpine C) [49, 50]. bis-
(Methylthiomethyl)disulphideappearedas themostactivecomponentand themajor
constituentsof theseedextract(75%)and stronglyinhibitedthegrowthof pathogenic
fungi.The compoundalsoshowedstrongcytotoxicactivityagainstCEM-SS,KU812F,
UACC-62andHT29celllines.CEM-SScelllinewasfoundtobethemostsensitiveonthe
compoundwithCOsovalueof3.5/.!glml.Thecrudeextractandthepureisolatedcompound
wereformulatedseparatelyin externalpreparationsby usingcommercialparaffinas
excipient.Bothpreparationsexhibitedin vitroand in vivodrasticantifungalactivities[51,
52].
Meth)lthiomethyl(meth)lsulfun)l)meth.!'ldisulphidebis(Methylthiometh)lldisulphide Scodopin g-Isopropyl-5-methyl-2naphtoica id
Scorodocarpine A Scorodocarpine B; m=8, n=4
Scorodocarpine C; m=6, n=4
Theotherwell-knownmedicinalplantspeciesinvestigatedfortheirchemicalconstituents
andbiologicalactivitiesaretheCinnamomumspecies(Lauraceae),thecommerciallyknown
cinnamomis obtainfrommembersof thegenus.Cinnamomoil,oleoresinandcinnamom
sticks are primarily used in the food processing, cosmeticsconfectionary and
pharmaceuticalindustries.Theessentialoilsofninespeciesof Cinnamomumrevealedthe
presenceofmonoterpenes,esquiterpenes,phenylpropranoidsandbenzyliccompounds
suchasmethylcinnamate,safrole,benzylbenzoate,linalool,terpinen-4-olandcamphor.
Thesearecommerciallyimportantchemicalsin theflavor,food and pharmaceutical
industries.Thedistributionandaccumulationofcompoundsindifferentpartsoftheplants
amongdifferentspeciesmaybe usedas a taxonomicmarkerfor speciesidentification.
Bioassay-guidedfractionationoftheCinnamomumimpressicostatumandC.pubescensextracts
revealedthattheactivityobservedwasdueto thepresenceof methylcinnamate[53-55].
Othercompoundsidentifiedfromtheextractsarethe3,4-methylenedioxycinnamaldehyde,
~-sitosterol,3-(3,4-methylenedioxyphenyl)-2E-propenol,sc parone,pinoresinoletc.
Camphor Linalool Methylcinnamate Terpinen-4..o1
Safrole 3,4-MethylenedioxycinnamaIdehyde
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Therearemanyothernon-rutaceousplantspecieswehaveinvestigatedin thepastcoupled
ofyearssuchasVitex[56,57],Ficus[58],Garcinia,Aegle[59],Ocimum[60],Goniothalamus
[61],Calophyllum,andCitrus [62]specieswhichwerenothighlightedhere.Someof the
interestingcompoundsisolatedwithrespectotheirchemistryandbiologicalactivityare
asgivenbelow.As mentionedearlierandtheresultsof thiswork, it canbeclearlyseen
thattropicalfloraofferedawidespectrumofinterestingchemicalstructures.Onlyafraction
of thesepurecompoundshavebeentestedagainsta very limitednumberof bioassay
systemsandmoreintenseworksneedtobedonein ordertoclearlyexploittheirpotential.
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CONCLUSION
Plantscontinuetobeusedworld-wideforthetreatmentofvariousdiseasesandbioactive
componentsasdrug agentscontinueto be developedfromtheseplants.In developed
countries,high-throughputscreeningtestsareusedfor bioassay-guidedfractionation
whichwill leadtotheisolationandidentificationoftheactiveprincipals.In turnthismay
developintoclinicalagentseitherasthenaturalproductor a syntheticmodificationor
syntheticanaloguewith enhancedactivity.Despitethisdevelopment,herbalremedies
haveprovedandcontinuedtobepopularasalternativesor complementarytreatmentof
diseases.Thus,thereis aneedtoevaluatetheseherbalpreparationby usingthecurrent
availableprotocols.In developingcountrieslargenumberofpopulationcannotaffordto
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purchasepharmaceuticaldrugsandcontinuetouseindigenousherbalpreparation.There
isaneedtocarryoutproperresearchin ordertoinvestigatethequality,efficacyandsafety
of theseherbalremedies.
Naturalproductwill continuetosupplybanksofcompoundsandthefocusofindustryis
currentlyon combinatorialsynthesisfor new drugsdevelopment.However,naturally
occurringcompoundswhich resultsfromvariousbiosyntheticpathwaysmodifiedby
evolutionhavea well establishedrecordasmedicinalagentsandofferawide rangeof
structuraldiversity.Thus,tropicalplantswill continuetocontributesignificantamountof
thesechemicaldiversityfor thebenefitmankind.Academicsof coursecannotmatch
commercialpharmaceuticalindustry in the wide rangeof screensthey conducted.
However, they can use selectiveapproachin selectingthe plant speciesbasedon
ethnobotanicalknowledgeandalsocollaboratewith industry.
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